Streptococcal M protein is one of the best characterized anti-phagocytic surface molecules. The protein has a coiled fibrillar structure extending outwards about 600 nm from the streptococcal cell wall. The anti-phagocytic nature of the M protein appears to be related to two properties: ( a ) its ability to bind fibrinogen and the D family of its degradation products, thereby preventing deposition of C 3b on the bacterial cell surface (Whitnack et al., l988) , and ( b ) its ability to prevent contact between the streptococcus and the phagocyte through electrostatic repulsion (Fischetti et al., 1988) .
The structural features of the M protein responsible for the above features have been partially characterized. The fibrinogen-binding region of the M protein probably lies in an extended portion of the fibril near its centre (Whitnack el al., 1988) , whereas electrostatic repulsion probably results from a high concentration of negatively charged amino acids, predominantly glutamic acid, at the distal tip of the structure (Fischetti et al., 1988) . Since phagocytes have a net negative surface charge, the negative charge in this region of the M protein may prevent cell-to-cell contact by electrostatic repulsion.
In addition to phagocytosis, many Gram-negative bacteria are susceptible to the direct bactericidal action of serum complement (Hammond et ul., 1984) . This depends upon later components of the complement sequence. When activated, the terminal complement component C 5-C 9 form a membrane attack complex (MAC) which eventually results in the formation of a channel through the outer and cytoplasmic membranes. The channel causes leakage of cytoplasmic constituents from the cell and dissipates the membrane potential derived from the proton gradient across the cytoplasmic membrane. These events result in bacterial death. In contrast to Gram-negative organisms, the terminal complement sequence does not directly kill Gram-positive organisms probably because the thick peptidoglycan wall restricts access to the cytoplasmic mcnibranc.
Although many Gram-negative bacteria are serum sensitive, a number are serum resistant. Several mechanisms of serum resistance have been described (Joiner, 1988) and the molecular basis of these phenomena is beginning to be defincd. A n intvresting example IS provided by the work of Joiner (1988) who showed that serum resistance in Salmonella montevideo results from failure of the CSb-9 complex to insert properly into the outer membrane, so that it is shed and is not bactericidal. The 0 antigens of lipopolysaccharide provide protection by sterically hindering access of the CSb-9 complex to the outer membrane with a critical density (approximately 20%) of long 0 antigen chains ( > 14 0 antigen units/molecule) being necessary for protection.
Conclusion
This brief review has drawn attention to a number of bacterial surface components that contribute to bacterial pathogenicity. The structure and composition of these components has been outlined and it can be anticipated that further work to define their detailed molecular organization will lead to improved understanding of pathogenic mechanisms. e.g. complement activation (Edebo et al., 1980) . By the pioneering work of Mudd et al. (1934) , it also became obvious that alteration of the chemical composition of the surface was accompanied by physicochemical effects affecting the charge and wetability of surfaces. This approach has been further developed and refined by, for instance, Van Oss et al. (1975) and Edebo et al. (1980 Edebo et al. ( , 1985 see also Bongrand et al., 1982; Magnusson, 1982; Magnusson et al., 1985; Rutter, 1980) . It became evident, that smooth (S) characteristics of the bacteria not only make the bacteria lethal to the host (e.g. Salmonella typhimurium in mice), but is also accompanied by distinct effects on the physicochemical characteristics (Edebo et al., 1980) . The chemical structure of the envelope of Gram-negative as well as Grampositive bacteria has been elucidated and appears to be a 629th MEETING, LONDON complex mosaic of proteinaceous and carbohydrate molecules which are strictly genetically regulated, and which convey, both adhesive (via adhesins: fimbriae, pili) and anti-adhesive properties (via capsule, lipopolysaccharide ) to the bacteria.
Chopra
In spite of the functional and chemical complexity, nonspecific surface properties largely describe the tendency of the bacteria to interact with different types of surfaces including other bacteria and mammalian cells. This is also the case when bacteria have been treated with antibodies of different immunoglobulin classes, e.g. IgG or SlgA (secretory IgA; Edebo et al., 1980 Edebo et al., , 1985 Magnusson et al., 1985 Magnusson et al., , 1986 . The surface structure of a great number of Gramnegative and Gram-positive bacteria has been determined qualitatively, i.e. the finger-print of most bacteria is wellknown (Orskov et al., 1977) . Less is known about the relative expression of all known components in a single bacterium. I will focus on the physical chemical effects of S-R lipopolysaccharide (LPS) mutations in Gram-negative bacteria, particularly in S. typhimurium and Salmonella minnesota, and on the role of capsule, LPS and different types of fimbriae in Escherichia coli. By S -R mutation, the LPS (0-antigen) of the polysaccharide portion is gradually reduced in length, thereby exposing the core of the outer membrane of the bacteria to the environment (Holme et al., 1968) . The capsule (K-antigen) is generally an acidic complex carbohydrate s:ructure, associated with the outer portion of the cell. Fimbriae are proteins which extend outside the LPS and capsule.
Depending on the growth conditioning (pH, redox potential, temperature, nutrient availability, antibiotics), surface structures of the bacteria can vary (Maluszynska et al., 1985 (Maluszynska et al., , 1988 , thereby questioning the relevance of a static model of the bacterium from a chemical. as well as from a physiological point of view.
I'hysicochemicul .sir face charucteristics
Methods. Physicochemical surface characteristics generally refer to the surface charge and/or liability to hydrophobic interaction (Edebo el al., 1980; Tanford, 1980) . The surface charge can be assessed by electrophoresis (Seaman & Uhlenbruck, 1963; Stendahl et al., 19776) , ion-exchange chromatography (Kihlstriim & Magnusson, 1980) and aqueous biphasic partition in polyethylene glycol (PEG)-dextran systems containing different salts or charged PEGs (Magnusson & Stendahl, 1985) . The hydrophobic character can be estimated by measurements of the contact angle of water droplets on scmi-dry microbial films (Van Oss et al., 1975; Dahlgren & Sundqvist, 1981) ; partition of bacteria in different two-phase systems (Mudd et al., 1934; Stendahl et al., 19731 , including PEG-dextran systems with hydrophobic ligand PEG (Magnusson et al., 1977; Magnusson & Johansson, 1977; Stendahl et al., 19776) ; hydrophobic interaction chromatography (Rosengren et al., 1975; Stjernstrom ei al., 1977; Lindahl et al., 1981) ; attachment to plastic surfaces or solvents with defined surface tension (Omenyi et al., 1980) , as well as by the affinity for other types of hydrophobic (lipophilic) ligands (Hermansson et a/., 1979; Kjelleberg et al., 1980; Malmqvist, 1983; Rosenberg ef ul., 1980) . The choice of method(s) depends on the properties of the particles to be analysed; there is no single method that fits all possible applications.
Effect of LI'S arid capsule. We have primarily used aqueous biphasic partition in systems of PEG 6000 and Table 1 ) . This is true also for E. coli, but patterns in E. coli are complicated by the presence o f capsular material which renders the bacteria more negatively charged and hydrophilic (Grundstriim et ul., 1980) . Recent experiments using genetically regulated expression of the S-character in E. coli with complete 07.5-antigen and/ or K5-antigen have confirmed these findings ( Table 1 ) .
Neisseria gonorrhoeae are in general comparatively more hydrophobic than Salmonella and E. coli due to a short carbohydrate portion of the LPS (Magnusson et al., 1970b (Magnusson et al., ,c, 1980 . The surface properties are in this case more strongly affected by the growth conditions and the expression of pili and other proteinaceous structures.
Effects of fimbriae. In general, fimbriae (pili) promote specific carbohydrate-mediated interactions with other cells and surfaces, but also in this case non-specific surface alterations appear (Ohman et ul., 1 9 8 2~; Firon et al., 1983; Svanborg-Eden et ul., 1984; Lis & Sharon, 1986) . Moreover, fimbriae make bacteria more hydrophobic, and Wadstriim et al. ( 1980) have proposed the following hydrophobicity scale among different types of fimbriac of E. coli:
where CFA/I and II, and K88 and KO9 are colonizing factor antigens of enteric strains in man and domestic animals, respectively. Type 1 are common on most E. coli bacteria, and show mannose-sensitive haemagglutination; therefore they are also named MS-fimbriae.
We have confirmed the hydrophobic nature of Type-1 fibriae (Ohman et al., 1 9 8 2~; 198Sa, h ), but we have also found that the physicochemical effect is also related to the background conveyed by the rest of the surface (SvanborgEden et ul., 1984; 1087;  Table 1 ). When isolated originally from patients with urinary tract infections, the E. coli strains were associated with asymptomatic bacteriuria, cystourethritis and pyelonephritis (Ohman et ul., 198 1 ) . Subsequent studies on these bacteria (see Oman et a [., 1988) , and on genetically modified strains (Svanborg-Eden et al., 1084 . 1987 have clearly shown that the most virulent strains express both MS-and GS( Gal-a 1 -4Gal-sensitive haemagglutination)-fimbriae, as well as complete 0-and K-antigens, i.e. LPS and capsule.
Effect ofgrowth conditions. Both the specific expression of different surface proteins and LPS, and the physicochemical properties are affected by the growth conditions (starvation, pH, redox potential). We have thus recently found that low redox potential, present, for example, at mucosal membranes, render S-type E. coli and Salmonella bacteria more hydrophobic by formation of lower quantities of LPS (Maluszynska et al., 1985 (Maluszynska et al., , 1988 . In deeper tissues, where the bacteria meet a better oxygenated milieu, and professional phagocytes, they again may become hydrophilic and phagocytosis-resistant.
Effects of antibacterial antibodies and other serum components. Some Gram-positive bacteria may specifically interact with and adsorb different serum components to their surface, e.g. albumin (Miorner et al., 1980 (Miorner et al., , 1984 and also adhere specifically to mammalian cell adhesion molecules, e.g. fibronectin and laminin (Wadstrom & Baloda, 1986) . Granulocytes and macrophages express receptors for the Fc part of IgG and activated complement (C3b/bi) (Ohman et al., 1988) , and thus show distinct patterns of interaction with IgG-or complement-coated particles. However, also in this case, the specific surface effects are accompanied by alteration of the non-specific surface characteristics, namely by an increased tendency to hydrophobic interaction (Stendahl et al., 1 9 7 7~; Stjernstrom et a [., 1977) . By contrast, when S. typhimurium MRlO bacteria or E. coli 086 bacteria are treated with human colostrum, or SIgA in particular, the bacteria become less hydrophobic, but more mucophilic (Magnusson et ul., 1978, 1 9 7 9~; Magnusson & Stjernstrom, 1982;  Table 2 ). Moreover, IgG and SlgA seem to mutually counteract the effect of one another. Thus it appears that antigen exclusion at mucosal membranes, including potentially pathogenic bacteria, promoted by SIgA antibodies, is a hydrophilic mechanism from a general physicochemical point of view. By contrast, it is a hydrophobic effect when the antigen has to be destroyed as in tissues dominated by antibodies of IgG class (Edebo et al., 1980 (Edebo et al., , 1985 .
Modes of interaction with mammalian cells
S-type bacteria, which display a hydrophilic surface also show reduced affinity for almost any type of surface whether the S-character is conveyed by a complete, long LPS molecule 1978 . 1979 Magnusson & Stjernstrom, 1982; Edebo et al., 1985; Perers etal., 1973 (Lis & Sharon, 1986; Gabius et al., 1988) . In R-bacteria there is generally an increased tendency to autoaggregation (agglutination) and adherence to mammalian cells and various inert surfaces. In the urinary tract, the presence of both complcte 0-and K-antigen also makes E. coli more virulent (Ohman et ul., 1981; Svanborg-Eden et ul., 1987) . Bacteria possessing fimbriae with specific affinity for Gal-a 1 -4Gal-containing carbohydrates (GS-adhcsins. P-fimbriae) and/or mannose residues (MS-fimbriae, Type-1 pili) may cause severe pyelonephritis. In R-type E. coli expressing the same type of adhesins, asymptomatic bacteriuria is a more common feature (Ohman et ul., 1981) . In experimental infections in normal (C 3H-HeN) and LPSunresponsive (C3H-HeJ) mice, the presence of 0-and K-antigens is a distinct virulence trait, especially in the normal C3H-HeN mice (Svanborg-Eden er a/.. 1087 ).
When the appropriate receptor present on phagocytes (e.g. granulocytes) is activated, the oxidative metabolism is stimulated (Ohman et ul., 1982h; Svanborg-Eden et ul., 1984; Ohman et ul., 1988) . Only bacteria with R-type LPS, however, are ingested and killed intracellularly in the absence of specific antibodies (Ohman et ul., 1988) .
T h e mode of interaction between bactcria is modified by antibodies and by activated serum factors (primarily complement factor C3B/bi) (Stendahl er ul., 1 9 7 7~; Edebo et ul., 1980) . In general, adherence is increased by antibody binding to bacteria, but depends on the isotype of the antibody. At mucosal membranes, secretory antibodies, e.g. secretory IgA (SlgA) favour antigen-particle exclusion, while IgG antibodies promote antigen (particle) destruction by increasing the contact with for instance professional phagocytes (granulocytes, macrophages) and thc rcticuloendothelial cells in general (Edebo et a/., 1980 (Edebo et a/., , 1985 .
Relative role of specific urid riori-specific ejjects iri cell-cell interuction In the previous section I have provided cvidcnce that distinct surface structures on bacteria, or attached humoral factors such as antibodies and activated complement ( C 3 b ) mediate both specific receptor-dependent interactions and non-specific, in general hydrophobic, effects. In either instance cell-cell contact is promoted. On the contrary, hydrophilic properties, as conveyed by complete LPS, capsule or secretory antibodies. counteract cell-cell contact.
When studying the hydrophobic interaction of MSfimbriae of E. coli (with hydrophobic octyl-Sepharose), elution of bacteria (or prevention o f the binding) was promoted by ;I combination of reduced surface tension of the medium ( 10-20%1, vjv. ethyleneglycol) and the presenceof appropriate monosaccharide, in this case r>-mannose (Ohman et ul., 198Sa, b) . This means that optimal inhibition of fimbriacmediated adhesion can only be achieved by a combination of specific and non-specific inhibition of binding. This may also have a bearing on inhibition in vivo of receptor-mediated bactcrial colonization o f mucosal surfaces, e.g. in thc urinary tract. Moreover, in case SlgA-coated bacteria escape mucosal and phagocyte-mediated defence mechanisms, they display carbohydrate residues (Magnusson & Edebo, 1984;  Thus, one cannot postulate that a cell-cell interaction that appears specifically at the molecular (receptor ) level is distinct from or free from non-specific hydrophobic and charge-mediated interactions. Both aspects have to be considered in receptor-ligand interactions operating at the contact between bacteria and mammalian cells both in peaceful colonization of mucosal membranes by harmless bacteria, and in disease states where pathogenic bacteria bind to. and invade, or in other ways perturb, the mucosal integrity.
